Introduction

27
Extracting energy from ocean waves has become an important research focusing in ocean 28 and breakwaters can be achieved; (2) the additional ocean space is unneeded for the wave energy 48 device; (3) the multi-purpose use of WECs may be achieved. 49 This study follows the study by Ning et al. (2016) . They conducted laboratory experiments to 50 evaluate the performance of an integrated system consisting of an oscillating buoy WECs and a 51 pile-restrained floating breakwater. In this study, an analytical method is developed to calculate the 52 performance of an integrated system, which allows the parametric studies in a wide range of wave 53 and structural parameters. The transmission and reflection coefficients are the important factors to 54 evaluate the performance of a breakwater and the capture width ratio is often used to quantify the computational efficiency are often used to predict the wave-structure interaction (Li and Teng, 2015) . 75 In this study, the analytical method based on the linear potential theory is used to calculate the 76 diffraction and radiation problems of the two-pontoon system. The exciting wave force and 77 hydrodynamic coefficients in the heave mode are computed based on the analytical model for 2-D 78 wave-structure interaction developed by Zheng and Zhang (2016) . The reflection and transmission 79 coefficients and the CWR are calculated for a wide parametric range. The rest of the paper is 80 organized as follows. In Section 2, the formulas are described. In Section 3, the validation, the results 81 and the discussions are presented. In Section 4, the conclusions are given. As indicated in Fig. 1 , the fluid domain is divided into five subdomains I, II, III, IV and V. The 97 fluid motion in the whole domain can be described by the velocity potential
where t is the time, i = -1, ω the angular frequency, Re denotes the real part of a complex, Φ is a 100 complex velocity potential that satisfies the Laplace equation:
The velocity potential Φ can be divided into three components as:
where Φ I is the incident potential, Φ D the diffraction potential and Φ R,n the radiation potential due to 105 the heave motion of the nth structure. 
where x l,n denotes the coordinate of the left edge of the nth structure and x r,n denotes the coordinate of 114 the right edge of the nth structure. 
where S n is the bottom surface of the nth structure and n z is the unit normal vector in the negative 131 z-direction.
132
The added mass subject to a unit forced motion of the mth structure can be written as:
where Im denotes the imaginary part of a complex and m = 1, 2.
137
Then the equation of motion can be written as: The motion equation can be re-written as: 
153
The power P n produced by the nth structure can be calculated by:
Then the total power absorbed is as follows:
The incident wave power can be calculated as follows
The CWR is an important indicator to evaluate the hydrodynamic efficiency of WECs (Babarit, 160 2015). The CWR (η n ) of the nth structure can be calculated as η n = P n / P incident and the total CWR 161 as η total = P total / P incident .
162
The performance of a breakwater can be evaluated by the reflection coefficients K R and 163 transmission coefficients K T : Firstly, the effect of the structure breadths is investigated. 
